. Relative percentages of different phosphoric species obtained by fitting the 31 P MAS NMR spectra. Table S2 . Acquisition parameters for 2D and double-resonance NMR experiments. S4 Table S3 . 31 P and 27 Al chemical shifts obtained by DFT calculations. S5 Figure S1 . XRD patterns of parent NH 4 -ZSM-5, calcined and hydrated H-ZSM-5, and subsequently dehydrated and TMPO adsorbed sample.
S3

S6
Figure S2-S3. 29 Si MAS NMR analysis. S7-S9 Figure S4 . 1 with the removal of solvent at 363 K.
S15
Figure S10. Sheared 2D 27 Al 3QMAS and selected normalized slices spectra of H-ZSM-5 zeolite with TMPO loading.
S16
Figure S11. 1D 31 P { 27 Al} D-HMQC MAS NMR spectra of dehydrated and TMPO-loaded (P/Al=0.42) H-ZSM-5 zeolite with different recoupling time.
S17
Figure S12. 1D 31 P { 27 Al} S-RESPDOR with two experiments being done at B 0 = 11.7 T. S18 Figure S13 . Simulations for S-RESPDOR with the consideration of multiple spins. S19-S20 Figure S14 . FT-IR spectra of pyridine adsorbed on H-ZSM-5 after evacuation at different temperatures.
S21
Figure S15. 1D one-pulse 31 P MAS spectrum, and 2D 31 P{ 1 H} HETCOR MAS NMR spectrum of dehydrated H-ZSM-5 zeolite (Si/Al = 140) with a low TMPO loading (P/Al = 0.23). 
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DFT calculations S23
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S18 Simulations for S-RESPDOR with the consideration of multiple spin systems
Analogous to our previous studies, 1 the ideal case was firstly considered assuming that the heteronuclear dipolar dephasing is only from an isolated nuclear spin pair. This allows us to know the average interactions/distances between the different phosphorus and aluminum atoms. However, the analytical formula was deduced based on an ideal spin pair without any consideration of experimental conditions, we also performed numerical simulations with SIMPSON software, which can simulate the dephasing curve by taking the experimental parameters of the S-RESPDOR pulse sequence such as pulse lengths, RF fields, delays between pulses etc.
into account. The powder averaging was accomplished using 6080 orientations: Al spin pair, and the distance between two 31 P spins is set to 4.8 Å which could be thought as a relative short distance between two TMPO molecules in H-ZSM-5 zeolite. We also assumed there is an additional 27 Al spin with a longer distance (here set to 3.8 Å,) away from 31 P spin than that of the initial 31 P-27 Al spin pair, and the distance between two 27 Al spins is set to 3.6 Å which could be thought as the closest 
S22 DFT calculations
For the isolated Brønsted site (Fig. S16a) in a 64 T cluster model, the substituted Al atom is usually placed at the T12 site, 2 which resides at the interaction of the straight and sinusoidal channels of ZSM-5. For the Brønsted/Lewis synergetic site, an additional Al is placed at the T7 site to represent the tri-coordinated FAL (Fig. S16b) .
Then, we optimized the structures of TMPO molecules adsorbed on BAS and calculated the 31 P chemical shifts. 
